Sixteen Friesian growing calves were used to study growth and physiological responses during winter, spring and summer under tie-stall and loose housing systems. Significant differences (P < 0.01) were recorded between the two systems for body weight gain (96.38 vs. 82.32 kg), daily weight gain (1.02 vs.0.92 kg), water intake (59.70 vs. 77.51 ml/kg), rectal temperature (38.6 vs. 38.9 o C) and respiration rate (41.7 vs. 48.7 resp./min.) in favor of tie-stall. However, DMI, ST and blood metabolites showed insignificant differences. Animals showed better growth performance in tie-stall than loose barn. Housing systems affected growth performance and body reaction, but it did not act blood parameters. In the meantime, seasons exerted significant effects for all parameters in in favor of winter.
Introduction
Proper housing with good management enable the breeder to grow healthier and fast growing calves for replacement or marketing with minimal animal loss. Pusillo et al. (1991) reported that housing systems had a significant effect on growth rates of calves, it significantly influenced cattle feedlot performance without influencing body composition. The major requirements of animal housing practice can be translated into specifications for climate, space, allowances, ventilation and shelter or pen design (Lawrence, 1994) . Prawl et al. (1998) found that steers with less space had lower dry matter intake but their gain was similar to steers fed in larger pens. However, other investigators found insignificant effect of housing design on growth rates such as; body weight (BW), daily gain (DG), carcass weight, or dressing percentage. (Terosky et al., 1997 and Chua et al., 2002) . This may due to different housing conditions investigated by the authors.
Plenty of authors studied the physiological reactions of different cattle breeds to natural environmental conditions under different housing systems. There was a great deal of agreement between their results. Cattle body reactions were related to temperature humidity index (THI) (Castaneda et al., 2004) . Body reaction values increased linearly with increasing air temperature. The values of rectal temperature (RT), skin temperature (ST) and respiration rate (RR) showed high correlations with air temperatures (Sayah, 2005; Ashour et al., 2007 and Cardoso et al., 2015) . Outside the comfort zone, the animal experiences stress to remain homoeothermic (Nardone et al., 2006) . Changes in blood metabolites levels due to exposure of animals to air temperature have been studied by several (Abdel-Samee et al., 1996; Sayah, 2005 and Ashour et al., 2007 and Sayah et al., 2015 . In addition, changes of housing system can alter the animal performance (Terosky et al., 1997; Sayah, 2005 and Sayah et al., 2015) . The main objectives of this study were to evaluate the effects of housing system and seasonal variation on growth performance and physiological responses of growing Friesian calves kept under two different housing systems (tie-stall and loose barns) in winter, spring and summer seasons.
Materials and Methods

Animals and Management
A total of 16 healthy male growing Friesian calves at 6-7 months of age and averaged 123±8.2 kg live body weight were selected and divided into two equal groups (n=8) according to their age and body weight. The first group was housed in a loose barn while the second group (n=8) was housed in a tie-stall barn. Both groups were kept in a fully shaded semi-open barn under the same environmental conditions during three consecutive seasons (winter, spring and summer). The barn was 30 m length and 7.5 m width, which was roofed by an asbestos sheet at 3.5 m high on a concrete floor with proper drainage. The barn was divided into two equal parts, the first part contained eight loose animals (G1), and the second part contained the tethered animals (G2). The allocated space for each loose animal was 12 m 2 . The barn was surrounded by brick walls having wide (about 60% of the wall) ventilation openings.
The animals were offered a daily allowance of concentrate ration in accordance with NRC (1981) once daily in the morning then followed by fresh berseem (Trifolium Alexandrinum) during winter and spring seasons or berseem hay during summer with rice straw ad libitum according to the farm routine. At the end of the test day, orts were weighed and recorded as a group feeding. Then, the dry matter intake (DMI) was calculated based on the dry matter percentage of every feedstuff intake in terms of kg/head/day. In addition, relative DMI was calculated based on the metabolic body weight (MBW) in (W 0.75 ) and tabulated as DMI (g/kg MBW).
Fresh drinking water was offered in a measured water trough that were used to determine water consumed by animals in every test day. At the end of the test days, the absolute water intake of calves recorded based on the residual water after drinking, where it was subtracted from the offered water and estimated as litre/head/day. The relative water intake was calculated based on the metabolic body weight MBW in (W 0.75 ) and tabulated as WI (ml/kg MBW).
Experimental Procedures
The experimental procedures were carried out monthly for the two housing systems at the same day. Some physiological parameters were determined twice and others were taken once during the experimental day.
Environmental Conditions and Physiological Parameters
Air temperature (AT, o C) and relative humidity (RH, %) were recorded twice daily at 08:00 and 14:00 h. using alcohol thermometers and electronic thermo-hygrometer. The following equation was used to determine the temperature-humidity index (THI) as an indicator of adverse climatic conditions using the equation of Castaneda et al. (2004) : THI = (1.8 × T + 32) -[(0.55 -0.0055 × RH) × (1.8 × T -26)], where: T is air temperature (ºC) and RH is the relative humidity (%).
Blood Compositions, Body Reactions and Body Weight Performance
Blood samples were taken monthly from five animals in each group and same animals were reassigned for blood collection each time thereafter. Blood samples were centrifuged at 3000 rpm. for 15 minutes and harvested plasma samples were stored at -20 o C for later analysis of hormones and blood metabolites. Plasma total protein (TP, g/dl), albumin (g/dl), total lipids (TL, g/l) and glucose (mg/dl) concentrations were determined using commercial kits according to the procedures outlined by the manufacturers. Globulin concentration (g/dl) was calculated by subtraction of plasma albumin from plasma total protein. Plasma thyroxine hormone (T 4 , µg /dl) was determined using Thyroxine (IM 1447) kits which were delivered from Immunotech SA, Marseille, France. Rectal temperature (RT, ºC) was recorded using a digital thermometer while the measurements were recorded to the nearest 0.1 o C. Skin temperature (ST, ºC) was recorded using an infrared thermometer at the fore-flanks region. Respiration rate (RR, breaths /minute) was recorded by counting the flank's movements per 1-minute using stopwatch. Live body weight (LBW, kg) was recorded monthly in the morning before access to feed and water. In addition, metabolic body weight was calculated according to (W 0.75 ). Moreover, daily weight gain (DWG) was calculated according to the body weight gain during the three seasons: winter for 83 days, spring for 91 days and summer for 108 days until the animals reached their final weight (370.3 kg for the loose animals and 412.3 kg for the tied animals as averages). The numbers of observation were obtained from 24 readings for each housing system for every season.
Statistical Analysis
The used experimental design is: 2factors experiment in completely randomized design (CRD). Statistical analyses of data was carried out using the software package of SAS (2002) with the following linear model: Y ijk = µ + H i + S j + HS ij + e ijk , where: Y ijk is the experimental unit (ijk) value; µ is the overall mean; H i is the effect of housing effect (two levels, i, 1 and 2); S j is the season effect (three seasons, j, 1, 2 and 3), (HS) ij is the effect of the interaction between housing (i) and season (j) and e ijk is the experimental error effect. Probability < 0.01 was used to declare significance and Least Significance Difference (LSD) was used to separate means.
Results and Discussion
Environmental Conditions
The results in Fig. 1 showed that there were great seasonal and diurnal differences in climatic conditions. According to Castaneda et al. (2004) , who stated that the upper critical THI for Holstein-Friesian cattle is 72, the Friesian growing calves were suffering from heat stress in summer (75.2 and 81.3, which reflected severely on the growing performance. Segnalini et al. (2013) indicated that the Mediterranean basin is likely to undergo THI changes, which may aggravate the consequences of hot weather on animal welfare, performances, health and survival. The THI values in winter (54.7 and 66.9) showed that calves were in their comfort zone where no suffering from heat stress. Mader et al. (2006) stated that although knowledge of THI alone is beneficial in determining the potential for heat stress, wind speed and solar radiation adjustments to the THI would be more accurately assess animal discomfort.
Growth Performance
Feed and water intakes
Data in Table 1 showed that there were no significant differences between the effects of tie-stall and loose housing systems on DMI during the three seasons. However, there were significant seasonal differences (P < 0.01) on DMI in terms of g/kg LBW. There was a negative relationship between DMI and AT. Summer had the lowest value (26.71g) compared with the other values in winter and spring (29.44g and 28.53g, respectively). This result is in agreement with Morrison (1983) who mentioned that livestock performance is affected by heat stress because an animal having difficulty in losing heat will decrease its heat production by lowering, feed intake. NRC (1981) reported that the increases in respiratory rate and water consumption as well as decreased rumen motility, all contribute towards reducing appetite and intake. West (2003) stated that increasing air temperature, temperature-humidity index and rising rectal temperature above critical thresholds are related with decreasing dry matter intake (DMI). Furthermore, as far as DMI in terms of g/kg MBW, the highest value was obtained in summer (118.58 g), while the lowest value was obtained in winter (109.36 g), spring had an approximate value (117.39 g) to summer. This means that animal under hot conditions needs more metabolic energy to increase its body weight one kg than animal under cold conditions. This result may due to the higher efficiency of feed utilization in winter than in summer.
Water intake results showed significant differences (P<0.01) between the two housing systems, where the loose animals consumed more water than tie-stall animals in terms of ml/kg MBW during winter, spring and summer (254.23 vs. 185.18, 309.27 vs. 251.13 and 381.03 vs. 310.58 ml/kg/MBW, respectively). The high values of WI in the loose system may due to the continuous movement of the animals. Moreover, there were seasonal variations in water consumption, where WI increased with increasing AT. Therefore, the need for water was seriously important, perhaps more than the need for other nutrients. El-Nouty (1996) stated that thermal stress causes a rise in core temperature in turn it activates heat loss mechanism via panting and sweating. This causes dramatic increase in water intake and urine output. Ashour et al. (2007) reported that water intake is affected by several factors such as: increase of dry matter intake, quality of the feed intake, level of Na Cl, however, climate is the most important factor affecting water intake, it has a dramatic effect on water consumption. The increase in WI in hot condition reflects the physiological role of water in counteracting heat stress by increasing water vaporization through skin and respiratory surface. The same trend was also observed in WI (ml/kg MBW).
Growth rate
The results in Table 2 showed that the BWG and DWG values were affected by the different housing systems. The tie-stall housing system had significantly higher (P<0.01) values of BWG and DWG during the three seasons compared with the loose housing system under the same environmental conditions. This result is in agreement with Sayah (2005) who found that animals became adapted to its environment after exposing to severe climatic conditions. Bianca (1965) reported that the decreasing of the anabolism occurs, particularly, in the metabolizable energy for both maintenance and gain weight. On the contrary, Pusillo et al. (1991) indicated that open lot with overhead shelter caused higher average daily gain than feedlot cattle in open-front confinement building.
The results showed also seasonal effects for the three experimental seasons, the highest value of BWG was obtained in spring (101.63 kg), while the lowest value was obtained in winter (67.21 kg). The values of DWG had the same trend of BWG. The BWG and DWG in summer decreased from 101.61 kg to 99.65 and from 1.12 to 0.92 kg, respectively. This result is due to that animal in summer were under heat stress, which reflected on the growth performance and resulted in lower growth rate. This result is in agreement with Daader et al. (1989) who reported that the total body weight was decreased significantly in hot summer. Sakaguchi and Gaughan (2002) reported that exposing animals to high or low air temperature for a long time results in decreasing the daily weight gain. On the contrary, Muhamed et al. (1983) found that steers gained more (P<0.05) in summer than in winter, especially for calves that reared outdoors.
The results showed also that the LBW values were affected significantly (P<0.01) by the housing system. The tie-stall system had the highest values of LBW during the three seasons; winter, spring and summer compared with the loose system. The same trend was also observed in MBW.
Physiological Parameters
Blood compositions and hormonal Responses
In Table 3 , the results showed that there were insignificant housing differences for all blood metabolites. As for total protein (TP), albumin and globulin showed that there were insignificant housing differences. However, summer season had lower values of TP, albumin and globulin concentrations compared with winter and spring. The results of total protein, albumin and globulin showed negative correlation coefficients with AT (-0.14, -0.17 and -0.20, respectively) . This result is in agreement with Shafie and Badreldin (1962) who found that the albumin content decreased in cattle (-2.5 % from 3.9 g/dl) when animals exposed directly to solar radiation. Lee et al. (1976) explained the phenomenon of increasing TP in low temperatures by globulin increase and primarily increase in the gamma fraction. Habeeb et al. (1992) stated that exposing farm animals to heat stress accompanied by biological changes including disturbance in protein and minerals metabolism. On the contrary, El-Masry and Marai (1991) showed a significant decline in plasma TP in Friesian calves in winter (4.8 g/dL) than in summer (5.7 g/dL).
As for the results of total lipids (TL), winter had a lower value of TL (2.82 g/L) compared with spring and summer (3.29 and 3.31 g/L, respectively). The results revealed that the low AT in winter had a suppressive effect on TL which has positive correlation coefficient with AT (0.26). This result is in agreement with the results of Collier et al. (1982) who reported that total lipids increased in hot weather as a result of increasing in ACTH and estrogens concentrations in heat stressed animals. Kandeal (2003) reported that such a phenomenon might be due to the increase in either body water content or utilization of fatty acids for energy production as a consequent of the decrease in glucose concentration. On the other hand, Ahmed (1990) reported higher concentrations of TL in Friesian calves during winter (361.3 mg/dl) than under the hot condition of summer (278.5 mg/dl). Ibrahim et al. (1993) explained that the reduction in TL during hot summer season might be attributed to high ambient temperature, which depresses the rate of thyroid gland secretion. Abdel-Samee et al. (1996) added that decreasing TL in summer in Friesian cows may be due to the metabolism of fat, protein, carbohydrate, minerals and vitamins that disturbed under heat stress conditions due to depression in both appetite and feed intake.
The results of glucose there was significant (P< 0.01) seasonal differences between the three seasons. Summer season had lower values of glucose concentrations (36.51 mg/dl) compared with winter (57.33 mg/dl) and spring (59.46 mg/dl) seasons. The results revealed that the high AT in summer had a suppressive effect on glucose concentration. Glucose concentration has negative correlation coefficient with AT (-0.20). This result is in agreement with the results of Shaffer et al. (1981) , Kobeisy (1996) and Sayah (2005) . Shaffer et al. (1981) interpreted the highly significant effect of hot temperature in reaching blood glucose of cattle, as result of increasing respiration rate, which causes a rapid utilization of blood glucose by the respiratory muscles resulting in a decreased blood glucose content (44.93 mg/dl) under heat stress. Kobeisy (1996) attributed the high level of blood glucose in winter to the effect of cool ambient temperature and the hormonal actions under cold conditions.
The results of thyroxine hormone (T 4 ) showed that there were high significant seasonal differences between the three seasons (P < 0.01). Summer season had lower values of T4 (2.27 µg/dl) compared with winter (3.04 µg/ dl) and spring (3.34 µg / dl) seasons. The results revealed that the high AT in summer had a suppressive effect on T 4 . Thyroxine hormone concentration has negative correlation coefficient with AT (-0.35 ). This result is in agreement with the results of El-Masry and Habeeb (1989) , Ashour et al. (2000) and Sayah (2005) . Yousef and Johnson (1966) suggested that reduction in feed intake due to higher environmental temperatures causes depression in many physiological reactions including thyroid activity which is reduced in cows consuming the same amount of feed at high temperatures (30 o C and 35 o C) as they did at 18 o C thermoneutral temperature. El-Masry and Habeeb (1989) added that the decrease in thyroid hormones levels during summer might be attributed to the decrease in thyroid stimulating hormone and glucocorticoid hormone. Scott et al. (1983) reported a negative relationship between plasma thyroxine concentration and rectal temperature but the initiation of night cooling at the time when rectal temperature reached the highest value was most beneficial in maintaining thermoneutral plasma thyroxine concentration, he suggested that strategically cooling the heat stressed cow could enhance her metabolic potential. On the other hand, Mohamed (1984) reported that there was a significant increase in T 4 in pregnant cows exposed to 30 o C than animals exposed to 20 o C, the same result was obtained by Collier et al. (1982) .
Body reactions
The results of RT and RR in Table 4 showed significant (P < 0.01) differences between the two housing systems during the three seasons. The loose animals had higher values of RT and RR than restricted animals; these results indicated that the continuous movements of the loose animals especially under hot weather may increase the core temperature, which resulted in increasing the physiological parameters. El-Nouty (1996) found that thermal stress causes a rise in core temperature and activate heat loss mechanism via panting and sweating. The respiration rate was found to be the most sensitive physiological response to the environmental conditions than other physiological responses. Kundu and Bhatnagar (1980) reported that the RR plays an important role in thermoregulatory mechanism amongst all the physiological reactions and body temperature comes next. As for ST, the results of the two housing systems showed insignificant differences. However, the tie-stall animals had higher values than loose animals, this may due to the restricted animals are more affected to housing radiation and convection than loose animals. The results showed also significant seasonal differences (P< 0.01) between the three seasons for RT, ST and RR, there are positive correlation coefficients between the three physiological parameters and AT (0.37, 0.86 and 0.65, respectively). The average RT, ST and RR of Friesian calves were significantly higher in summer season than in winter and spring. Similar results were obtained by Kandeal (2003) . Abdel-Samee et al. (1996) found that RR of Friesian cows in summer increased by about 247 % (P < 0.01) than those of winter. Shafie and El-Sheikh Aly (1970) reported that there is a seasonal variation of Friesian body temperature. They reported that the increase in body reaction in Friesian cattle is the result of both gradual rise in atmospheric temperature and the variable increase in body activities of the animal. 
Conclusions
According to the results of this study, it could be concluded that keeping animals in tie-stall system inside a fully shaded barn having dry concrete floor with good drainage and well-ventilated area results in better growth performance than loose system under the same environmental conditions. Moreover, the effect of housing systems is limited mainly to growth performance without influencing blood composition of animals.
